Serum prealbumin is higher in peritoneal dialysis than in hemostrongly with the serum level of albumin, and correlates dialysis: A meta-analysis.
at least as well as does serum albumin in HD [1, 2, 5,
Methods. The mean difference in serum prealbumin was 9], although not quite as well as serum albumin in PD quantified by meta-analysis of the mean differences found in [10, 11] .
six cohorts with both PD and HD patients (set 1; N ϭ 639) K/DOQI clinical outcome goals have been set for the using a fixed-effects model, and meta-analysis of the mean serum levels of both prealbumin (Ն30 mg/dL) and albuprealbumin values reported in 23 cohorts of unselected dialysis patients on a single modality (set 2; 9 PD cohorts, 14 HD min (Ն4.0 g/dL) [12] . It is well known that serum albumin cohorts; N ϭ 12,256) using a mixed model. For comparison, concentration tends to be lower in PD than in HD the mean difference in serum albumin concentration between [13, 14] , probably due to the substantial peritoneal loss PD and HD also was estimated in sets 1 and 2 using the same of albumin [15] [16] [17] [18] [19] . It is not surprising, therefore, that a methods.
serum albumin level of 4.0 g/dL or greater was achieved
Results. In set 1, the mean prealbumin difference (PD-HD) by 32% of HD patients but only 17% of PD patients in in the individual cohorts ranged from 3.6 to 14.7 mg/dL (P Ͻ 0.05 in five cohorts), and the weighted mean difference was a recent large national survey [20] . Although not widely 5.4 mg/dL (95% CI, 3.8 to 7.0 mg/dL). In set 2, weighted mean appreciated, PD also alters the serum level of prealbuprealbumin was 8.1 mg/dL (95% CI, 5.2 to 10.9 mg/dL) higher min. However, serum prealbumin, like serum cholesin PD than in HD in the entire data set, and 6.9 mg/dL (95% terol, tends to be higher in PD than in HD [1, 9, 13, CI, 5.2 to 8.6 mg/dL) higher in a sensitivity analysis that ex-14, 21], despite the loss of prealbumin and lipoproteins cluded two outlying HD studies. By contrast, weighted mean serum albumin concentration was significantly lower in PD during PD [19, [22] [23] [24] . If PD induces a higher serum than in HD in both sets 1 and 2; the mean difference was prealbumin level and lower serum albumin level com-0.25 g/dL (95% CI, 0.14 to 0.36 g/dL) in set 1 and 0.28 g/dL pared to HD, clinical targets specific to PD for these (95% CI, 0.14 to 0.42 g/dL) in set 2.
proteins may be required.
Conclusions. Serum prealbumin level is approximately
The purpose of this study was to quantify the mean 6 mg/dL higher in PD than HD, perhaps due to the stimulation of hepatic synthesis by PD albumin loss, while serum albumin articles or abstracts that reported serum prealbumin in cohorts containing both PD and HD patients, and set 2, articles that measured prealbumin in unselected dialysis The concentration of serum prealbumin is a useful patients on a single modality. For comparison, the mean indicator of prognosis in patients on dialysis. It correlates difference in serum albumin between PD and HD also was estimated in each of these data sets.
Two literature sets were defined for meta-analysis. Articles or abstracts reporting mean serum prealbumin in  2002 by the International Society of Nephrology cohorts with both PD and HD patients were included in set 1, and articles reporting mean serum prealbumin in cohorts of unselected dialysis patients on a single modality were included in set 2. Published articles that reported serum prealbumin in dialysis patients were located by searching PUBMED using "prealbumin" as the search word. Additional set 1 studies published as abstracts were identified by a manual search of the abstract publications of the American Society of Nephrology ]. 12(Suppl 1): 116, 1992) Three set 1 cohorts reported the The set 2 study means were examined using a mixed prealbumin assay used (nephelometry [1, 9, 21]; immunomodel, with dialysis modality as a fixed factor, study as diffusion [24] ); serum albumin data were available in a random factor, and the inverse of the variance of the four cohorts (abstract; Koomen et al, op. cit.) [1, 14, mean (N Ϭ SD 2 ) as study weight. For any set 2 study that 21, 25] , and the method used in one (bromcresol green reported the mean values of prealbumin (or albumin) for [1, 21] ). Twenty-three cohorts were selected for set 2, subgroups only, we computed a single value for mean including nine PD cohorts comprising 490 patients and a single pooled SD value by combining the subgroup (range 8 to 147) [11, 19, 24, [26] [27] [28] [29] [30] [31] , and fourteen HD data. The results of the meta-analysis presented are the cohorts comprising 11,766 patients (range 17 to 7123) estimates of the mean (ϮSE) in the PD and HD studies [2-7, [32] [33] [34] [35] [36] [37] [38] [39] . The prealbumin assays used were reportand of the mean difference. Sensitivity analyses were ed in eighteen studies and did not significantly differ performed in order to test the robustness of the results between PD and HD (PD, immunodiffusion 3, immunorelative to exclusion of potential outliers defined by a precipitation 1, immunonephelometry 3; and HD, immut statistic Ͼ3.5. Computations were performed using SAS nodiffusion 3, immunoprecipitation 2; immunonepheversion 8 (SAS Institute, Cary, NC, USA). lometry 4; antigen-antibody complex 2; P Ͼ 0.64 by chi-square). Twenty-two set 2 studies (all except reference 24) reported albumin data, and the method was RESULTS available in eleven (PD, bromcresol green 2, immunoPrealbumin chemical 1; HD, bromcresol green 6, immunodifIn set 1, the mean concentration of serum prealbumin fusion 2).
was higher in PD than in HD in each of the six cohorts, Statistics and data analysis the difference ranging from 3.6 to 14.7 mg/dL (P Ͻ 0.05 in 5 of the cohorts; Table 1 and Fig. 1 ). There was a For each cohort i in set 1 (where i ϭ cohort identificadirect correlation between the HD and PD study means tion number, ranging from 1 to 6), we tabulated the mean (Spearman correlation coefficient ϭ 0.81 P Ͻ 0.05), which values of serum prealbumin (or albumin), the standard suggests that the calibration of the assays varied between deviation (SD), and the number of subjects (N) sepathe studies. The weighted mean difference between PD rately for PD and HD, and computed the absolute differand HD was 5.4 mg/dL (95% CI, 3.8 to 7.0 mg/dL). ence of the means (diff i ) and tested its significance by
The set 2 study means also showed a clear trend to the t test, and, lastly, computed the weighted mean of the six diff i values and the 95% confidence interval (CI), increased values in PD (Fig. 2) , which was highly signifi- The numbers used to identify the cohorts are the same as in Table 1 . 
Albumin
Mean serum albumin was significantly higher in HD cant on meta-analysis ( Table 2 ). The estimate of the prethan in PD in each data set on meta-analysis. The albumin difference was 8.1 mg/dL (95% CI, 5.2 to 10.9 weighted mean difference was 0.25 g/dL (95% CI, 0.14 mg/dL) in the analysis of all twenty-three studies. Sensito 0.36 g/dL) in set 1, and 0.28 Ϯ 0.07 g/dL (P Յ 0.001) tivity analyses also were performed excluding one or in set 2. Prealbumin and albumin serum levels are known both of the most extreme outlying values, derived from to correlate directly within a group of dialysis patients two HD studies that were large and, hence, heavily treated with a single modality. However, when the albuweighted, that is, studies 1 (N ϭ 1618 [38]) and 3 (N ϭ min and prealbumin study means were plotted together, 1053 [34]) in Figure 2 . Eliminating both these studies an inverse trend was evident between the dialysis modalyielded a conservative, lower estimate of the mean prealbumin difference (6.9 mg/dL; 95% CI, 5.2 to 8.6 mg/dL).
ities in each data set (Figs. 3 and 4) .
DISCUSSION
suboptimal (each PD cohort mean satisfied the prealbumin target but none satisfied the albumin target), and, Meta-analysis of two sets of publications yielded simisimilarly, that PD therapy is both better (higher prealbular estimates of the effect of dialysis modality on serum min) and worse (lower albumin) than HD. On the other prealbumin level. The mean concentration difference behand, if these differences are regarded as intrinsic to PD, tween PD and HD was 5.4 mg/dL in set 1 and 6.9-8.1 as we suggest below, then the laboratory reference ranges mg/dL in set 2. The mean effect of dialysis on serum and clinical target values should be set accordingly. To albumin concentration was also similar in both study be consistent in both HD and PD, the respective targets sets: 0.25 to 0.28 g/dL higher in HD.
should be set approximately 6 mg/dL higher for prealbuThe meta-analytic models accounted for the variation min and approximately 0.3 g/dL lower for albumin in in study means caused by sampling error and dialysis PD, with the exact target values varying by laboratory. modality, but it is important to consider how the results
The cause of the depression in serum albumin in PD might be affected by other factors, such as publication is presumably the peritoneal loss of albumin (4 to 6 g/day) bias, confounding, and study artifacts [41] . It is unlikely [17, 19, 22, 23 , 45], a high proportion of the amount of that publication bias affects the present analysis because albumin normally synthesized (10 to 15 g/day) [46, 47] . the included studies were neither conducted nor pubConsistent with this supposition, the rate of loss of albulished for reasons related to whether dialysis affects premin (or total protein) in PD correlates inversely with albumin concentration. Some of the variation between serum albumin [15] [16] [17] [18] . However, the cause of the instudies may be the result of confounding by differences crease in prealbumin concentration in PD is unknown. in patient characteristics. For example, sex, diabetes, and
In fact, PD might be expected to lower serum prealbumin proteinuria may influence serum prealbumin (abstract; because the rate of peritoneal loss of prealbumin (50 to Maru et al, J Am Soc Nephrol 8:72A, 1997) [1, 42, 43] .
110 mg/day) [19, 24] represents a sizable fraction of the To minimize this problem, set 2 included no cohorts that normal synthesis rate (500 to 650 mg/day) [47] . Therehad been assembled based on any of these characteristics fore, the increased prealbumin level in PD must be due (for example, all non-diabetics). Given the specificity of to some combination of reduced volume of distribution, immunoassays, it is unlikely that an interferent exists in increased rate of synthesis, and/or decreased rate of catathe serum having differing activities in PD and HD.
bolic clearance in PD compared to HD. Prealbumin and However, assay calibration differences will inevitably albumin normally have similar volumes of distribution exist between studies [44] . They result in a spurious in- [47] . Even if there were systematic differences between crease in the variation among the study means, and pre-PD and HD in the factors that influence distribution sumably explain the direct correlation observed between volume, that is, capillary permeability and state of hydra-HD means and PD means in set 1. Since the assay methtion, they would be unlikely to selectively raise the conods for PD and HD were identical within each set 1 centration of prealbumin and not that of albumin bestudy, the impact of calibration on the estimate of the cause of the similarity of the two molecules in size and concentration difference between PD and HD should charge [48] . One plausible, though speculative mechabe minimized. In set 2, the similarity of the assays used nism for the increase in serum prealbumin in PD is a in the PD and HD studies also should reduce the impact change in the metabolism of prealbumin (increased heof calibration on the estimate of the difference, unless, patic synthesis or reduced systemic catabolism) due to by chance, a large weight were assigned to an outlying peritoneal loss of a regulatory molecule (such as, albuvalue, which in fact occurs in this data set. This problem min), similar to the known alteration in cholesterol mewas addressed in the sensitivity analysis that excluded tabolism. Observations in PD patients that support a the two most extreme such outliers, producing a result causal role for albumin in regulating hepatic metabolism (6.9 mg/dL) close to that of the set 1 analysis. Finally, any of other proteins or lipoproteins include: (a) the peritoinflation of the variance, due to interstudy differences in neal rate of loss of albumin (or total protein) correlates either patient or assay characteristics, widens the confidirectly with the elevation in serum cholesterol [15, 45] ; dence intervals of the estimated difference.
and (b) intravenous albumin infusion causes the serum One implication of these concentration differences is levels of fibrinogen, factor 7, and lipoprotein(a) to fall that the use a single value for either serum prealbumin [18] . Moreover, in nephrotic patients with normal renal (Ն30 mg/dL) or albumin (Ն4.0 g/dL) as a clinical target function, it has been analogously found that the serum [12, 20] is confounded by dialysis modality. A single tarlevels of prealbumin and cholesterol are both elevated, get value would not be expected to perform consistently despite overt losses of prealbumin and lipoproteins, and in both PD and HD. For example, using these targets to it has been hypothesized that, like serum cholesterol, classify the prognosis and nutritional state of the cohorts serum prealbumin is elevated as a result of the stimulacontained in sets 1 and 2 combined (Table 3 ) might lead tion of hepatic synthesis by the large renal loss of albumin and/or the resultant hypoalbuminemia [43, 48, 49] . Fuone to conclude that PD therapy is both optimal and 
